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http:WHAT THIS PAPER ADDS
This is a histological study comparing three different ablation techniques in treating the saphenous vein. The aim
of this study is to see if there are major differences between the three methods. This has never been done
before. Twelve goat veins were treated with three different methods of ablation, one being the newer steam
ablation. Different parameters were measured and compared. Perivenous tissue destruction and vein wall
damage was calculated using a graded scale. The three methods seem comparable with a low perivenous tissue
destruction score and a high vein wall destruction score.Objective: There is an increasing use of minimal invasive techniques to treat saphenous vein reﬂux. Among these
radiofrequency ablation (RFA), endovenous laser ablation (EVLA), and foam sclerotherapy are frequently used.
A new method of thermal ablation is the steam vein sclerosing (SVS) system. This study evaluates the histological
changes after ablation of the saphenous veins in goats with RFA, EVLA, and SVS.
Methods: Twelve saphenous veins in six goats were treated with one of the three treatment modalities: four
veins with RFA, four with EVLA, four with SVS. Seven days after treatment occlusion and diameter changes were
evaluated by ultrasound imaging and histological changes were examined microscopically.
Results: Vein length, mean diameter, and the amount of tumescence was comparable between the three groups.
Histological examination showed extensive vein wall destruction, the least in the outer layer of the vein wall. The
total vein wall damage was 9.2/15 (SD 3.5) for EVLA, 13.3/15 (SD 3.3) for RFA, and 11.2/15 (SD 2.8) for SVS group.
There was no signiﬁcant difference among the three groups. Perivenous tissue damage was low. No extrafascial
damage was seen.
Conclusion: Histological ﬁndings after steam ablation are similar to the RFA and EVLA with a low perivenous
tissue destruction score and a high vein wall destruction score.
 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Venous insufﬁciency is a very common pathology. Until
recently the gold standard treatment for this superﬁcial
venous incompetence was crossectomy and stripping of the
saphenous vein.1 This treatment has some disadvantages
like postoperative pain, hematoma in the stripping section,
paresthesia, and a high recurrence rate.2,3 Endovenous
treatment was introduced in 1999 as a minimally invasive
alternative. The difference from the classical treatment is
that the crossectomy is no longer performed and the
saphenous vein is obliterated in a percutaneous way.4 There
is a variety of endovenous treatments all trying to improveresponding author. S. Thomis, Department of Vascular Surgery, KU
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//dx.doi.org/10.1016/j.ejvs.2013.06.004the outcome. Endovenous procedures such as endovenous
laser ablation (EVLA) and radiofrequency ablation (RFA) are
based on heating the venous structure. In EVLA the mech-
anism involved includes absorption of energy, the “steam
bubbles” and the “heating pipe principle”.5,6 RFA needs
direct contact between the catheter and vein wall to
obliterate the vein.7 Steam vein sclerosis (SVS) is a new
method of thermal ablation of the vein, which works by
heating the vein with high-pressure steam pulses at 120 C.
A recent proof-of-principle study showed that SVS treat-
ment seems safe, effective, and highly appreciated by pa-
tients.8,9 All endovenous treatments try to avoid the
disadvantages of classical crossectomy and stripping. How-
ever, studies using the ﬁrst RFA catheters, bare laser ﬁbers
with lower wave length, showed that postoperative pain
and bruising is often seen. This is most likely due to too
much direct contact of the catheter tip with the vein wall,
causing perivenous tissue destruction, wall perforation, and
ulceration.10
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comparing directly the different endovenous treatments
in vivo. The aim of this study is to evaluate the histological
effects of SVS versus laser and radiofrequency vein sclerosis.
MATERIALS AND METHODS
Operation
The experiment was approved by the Ethical Committee for
animal experiments at the Catholic University of Leuven,
Belgium, and the European Directive 2010/63/EU on the
protection of animals used for scientiﬁc purposes. The ex-
periments were conducted on the lateral vein in the hind
leg of goats, as described by others.11
An adult goat was sedated with intramuscular injection of
ketamine (15 mg/kg, Anesketin, Eurovet, Heusden-Zolder,
Belgium). Anesthesia was induced with isoﬂurane 5%
(Isoba, Schering-Plough, Brussels, Belgium), the animal was
intubated, and an oral gastric tube was placed. Anesthesia
was maintained with isoﬂurane (2e4%). An intravenous line
was inserted in the jugular vein and an arterial line in the
ear. Heart rate, blood pressure, electrocardiography, end
tidal CO2, and blood O2 saturation were constantly moni-
tored. An ultrasound examination (Terason t3000 laptop
ultrasound, Teratech, Burlington, USA) was performed to
measure the diameter of the lateral vein in the hind leg of
the goat before treatment. The vein was punctured just
above the hock (ankle) and the speciﬁc ablation instrument
was introduced.
Tumescent liquid (physiological saline, room tempera-
ture) was injected with ultrasound guidance abundantly
around the lateral vein inducing spasm of the vein and
acting as a protective barrier to the perivenous tissue. The
goat was placed in the Trendelenburg position. Four veins
were treated with RFA (VNUS closure fast, Covidien,
Dublin, Ireland), four with EVLA (1470 nm Quanta systems
laser with Tulip ﬁber 600 mm, Tobrix, Waalre, the
Netherlands, 5W), four with steam ablation (SVS, Cerma-
Vein, Archamps, France). For each goat (two lateral veins),
two different ablation techniques were used according to a
ﬁxed protocol. For the RFA we used one cycle of 15 sec-
onds to treat each 7-cm segment. With the EVLA we used a
continuous pullback speed of 1 cm/10 seconds with power
at 4 W. For SVS we used 1.8 seconds between pulses.
These energy protocols were calculated taking into ac-
count that the diameter of the vein is smaller than in
human varicose veins; we also took in account that the
vein wall is thinner.
Postoperative meloxicam (40 mg) (Metacam, Boehringer
Ingelheim, Deutschland) was administered. After 7 days the
animals were anesthetized as described before, ultrasonic
measurements of diameter and assessment of occlusion
was performed. Occlusion was deﬁned as the inability to
compress the vein. Afterwards euthanasia was induced by
an overdose of pentobarbital 30 mg/kg (Nembutal, Cerva
Sante Animale, Brussels, Belgium) and 20 mL of potassium
14.9%. The veins and perivenous tissue including the full-
length surrounding fascia were carefully harvested.Histological evaluation
After explantation, the veins were ﬁxed in an elongated
state on a plate and placed in 6% formaldehyde. After
embedding the samples in parafﬁn, at least three samples
were taken at each third of the vein after slicing off 1 cm at
the edges. The slices were prepared and stained with
Masson’s trichrome stain, elastic stain, and hematoxylin and
eosin stain. Vein wall necrosis and perivenous tissue
destruction were evaluated and scored by an experienced
pathologist, blinded for the study group.
To deﬁne vein wall necrosis each vein layer (intima,
media, and adventitia) was examined separately. Depending
on the degree of circumferential necrosis of the layer, a
score from 0 to 5 was given, representing no necrosis and
total circumferential necrosis respectively. Each specimen
could have a maximum score of 15.
The lateral saphenous vein in goats is surrounded by a
triangle-shaped fascia. To quantify the perivenous tissue
destruction, the distance between the vein and this fascia
was divided into three pieces. Each layer was again scored
on the amount of circumferential damage from 0 to 5,
giving a maximum score of 15 points. Tissue destruction
outside the vein wall was reported as a perforation.Statistics
Statistical analysis was conducted using SPSS (SPSS Inc.,
Chicago, IL, USA). As some of the values did not meet
parametric assumptions of normality and homogenecity of
variance, a non-parametric KruskalleWallis test was con-
ducted; if signiﬁcance was reached (p < .05) a pairwise
comparison using the ManneWithney U test was per-
formed, and p < .05 was considered signiﬁcant (exact, two-
tailed). Within this study no post hoc adjustments were
performed because the initial hypothesis before data
collection was to detect histological difference among the
three treatment groups.
RESULTS
Operative data
The goats were treated according to the protocol described
above. No alternation within the recorded parameters
(heart rate, blood pressure, electrocardiogram [ECG], tidal
CO2, and pulse oximetry) occurred during the procedure.
The mean treated vein length was 13.6 cm (SD 2.5) and
the mean preoperative diameter of the veins was 0.44 cm
(SD 0.9). Tumescence was used on all veins with a mean of
3.68 mL/cm (SD 0.94) (Table 1). The energy was calculated
according to the different techniques. For RFA the mean
energy per treated centimeter was 36 J/cm (SD 0), for EVLA
41.6 J/cm (SD 3.7), for the SVS 151 J/cm (SD 26.1).
One week after treatment the diameter and compressibility
of the veins were evaluated echographically. The diameter
reduction (preoperative vs. postoperative) was higher with
SVS treatment than with EVLA or RFA. All the veins were
occluded. Statistical testing showed comparable groups
except for the amount of energy used, marked with p < .05.
Table 1. Operative characteristics within the three protocols, mean value  standard deviation, comparison EVLA and SVS (p < .05),a
comparison RFA and SVS (p < .05).b
Weight (kg) Length
treated (cm)
Tumescence
(mL/cm)
Energy (J/cm) Preoperative
diameter (mm)
Diameter
decrease (%)
EVLA (n ¼ 4) 50.8  10.7 13.3  1.5 4.13  0.59 41.64  3.69a 5.0  1.0 6.35  2.95
RFA (n ¼ 4) 50.6  15.2 12.3  3.5 3.81  0.54 36.00  0.00b 4.0  0.5 15.26  13.93
SVS (n ¼ 4) 49.5  9.5 15.3  1.5 3.10  1.38 151.37  26.08a,b 4.2  0.1 25.70  21.71
Note. % Diameter decrease ¼ (preoperative diameter  postoperative diameter)/preoperative diameter  100.
380 European Journal of Vascular and Endovascular Surgery Volume 46 Issue 3 September/2013Histological evaluation
Histological evaluation showed in most cases a thrombosed
lumen. In some cases the lumen was ﬁlled with coagulated
debris. Extensive vein wall destruction was visible in all
treatment groups (Fig. 1). An inﬂammatory reaction
(pyknotic nuclei homogenization) and hemorrhage indicates
destruction.
Scoring the circumferential necrosis of the three layers of
the vein wall showed no signiﬁcant difference among the
groups (Table 2).
The mean total vein wall damage was 9.2/15 (SD 3.5) for
EVLA, 13.3/15 (SD 3.3) for RFA, and 11.2/15 (SD 2.8) for SVS
group.
The necrosis rate was lower in the adventitia than in the
intima.
Evaluation of the perivenous tissue damage showed in a
limited number of slices damage of the perivenous tissue,
with granulation tissue visible as part of the tissue repair
(Fig. 2A,B).
No signiﬁcant difference in perivenous tissue damage
among the different groups was seen: 1.3/15 (SD 1.1), 1.9/
15 (SD 1.1) and 0.6/15 (SD 0.3) in EVLA, RFA, and SVS
respectively (Table 2).
There was no damage to the fascia or the perifascial
tissue except for a hematoma visible outside the fascia,
most likely caused by the injection of tumescent ﬂuid.DISCUSSION
Endovenous ablation of the greater saphenous vein is a safe
and efﬁcient treatment used worldwide. Several ways to
deliver the right amount of energy into the vessel have
been suggested. The efﬁcacy of EVLA, RFA, and SVS has
been proven in other studies.7,8,12,13 Recent evidence sug-
gests that the amount of perivenous tissue damage (espe-
cially perforations) determines postoperative complications
such as pain and hematoma.10,14
The diameter of the vein, vein length treated, and
the amount of tumescence used was similar among the
three groups. Perioperative monitoring of heart rate, bloodTable 2. Mean venous necrosis per treatment group with standard er
Intima (0e5) Media (0e5) Adventitia (0e5)
EVLA (n ¼ 4) 3.9  1.0 3.3  1.2 2.8  0.9
RFA (n ¼ 4) 4.5  1.0 4.5  20.0 4.3  1.3
SVS (n ¼ 4) 4.5  1.0 4.3  1.0 3.5  1.8
p Value 0.414 0.365 0.355
EVLA ¼ endovenous laser ablation; RFA ¼ radiofrequency ablation; SVpressure, ECG, tidal CO2, and pulse oximetry showed no
adverse events during ablation.
The energy per centimeter produced in the vessel was
calculated for the three different methods. It was the only
parameter which was different among the groups. It is
difﬁcult to compare energy as the way in which energy is
delivered to the vein wall is totally different for the three
ablation methods. For SVS a higher energy level is necessary
because some steam will cool down and start to condense
once it leaves the catheter tip. The energy that is necessary
to occlude the vein has been mentioned in other studies8,9
(measured by a physicist) and is already a standard method
for treating varicose veins with steam.9
Histological measurements were divided into two parts:
vein wall necrosis and perivenous tissue destruction.
Vein wall necrosis is part of the obliteration process, so
the higher the score the better.
The measurements showed a score between 9.2 and 13.3
out of 15, without signiﬁcant differences between the three
settings.
There were some differences in the diameter of the
veins, but this was not signiﬁcant. The mean diameter of the
veins used with EVLA was somewhat bigger; maybe if these
veins were smaller, the differences in the vein wall necrosis
scores would be even less.
For perivenous tissue destruction there was no signiﬁcant
difference between the three techniques. The mean was 1.3
out of 15.
Comparing our histological data with other data showed
comparable results. Others10 have evaluated the histologi-
cal effect of the tulip ﬁber, which is the same ﬁber used in
this trial. They showed a cell-rich necro-inﬂammatory pro-
cess of the vein wall and a limited amount of perivenous
tissue damage 10 days after treatment. In a proof-of-
principle study,8 the histological effects of steam ablation
were evaluated in sheep. An examination 20 days after the
treatment showed endothelial destruction, and ﬁbrotic
thrombosis with inﬂammatory reaction of the media and
locally extending to the adventitia. Information on peri-
venous destruction was not mentioned.ror, p values, and number of evaluated veins.
Vein wall (0e15) Perivenous (0e15) Fascia perforation
9.2  3.5 1.3  1.1 No
13.3  3.3 1.9  1.1 No
11.2  2.8 0.6  0.3 No
0.160 0.165
S ¼ steam vein sclerosing.
Figure 1. Vein wall necrosis in a vein treated with steam vein
sclerosing. The necrotic vein wall (arrow) shows pyknotic nuclei
homogenization and lots of detail of the cellular structures. The
perivenous ﬁbroadipose tissue is normal.
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have a thinner wall, might be different from the ablation of
a varicose vein. It has however been proven to be a sufﬁ-
ciently good method to study the histological effects of
endovenous treatments.11,15Figure 2. (A) Perivenous tissue damage ( ) with normal fascia
(arrow) in a vein treated with radiofrequency ablation (RFA).
Overview shows that in this particular case the damage is homo-
genously spread along the entire perimeter. (B) Detail of the
perivenous tissue damage ( ) with granulation tissue as a result
of tissue repair in a vein treated with RFA. To the left, necrotic
remnants of the vein wall are seen.The size of the study is too small to detect signiﬁcant
differences. However, to do so one would need dozens of
animals. As the goal was only to show that steam ablation is
comparable to EVLA and RFA, we preferred not to sacriﬁce
that many animals.
CONCLUSION
Steam ablation of the saphenous vein seems to induce
comparable histological effects as the two most frequently
used methods: laser- and radiofrequency ablation. It in-
duces a good amount of venous wall damage and a limited
amount of perivenous tissue damage. Steam ablation seems
to be as safe as EVLA and RFA as an ablation procedure
because no adverse events occurred during the experiment.
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